Phosphorus-31 nuclear magnetic resonance studies on intact erythrocytes. Determination of intracellular pH and time course changes in phosphorus metabolites.
A method to determine the intracellular pH of intact erythrocytes using phosphorus-31 nuclear magnetic resonance spectroscopy is described. Changes in phosphorus metabolites due to the alkalization of intracellular pH were also examined. The normal erythrocytes gave signals of phosphate groups corresponding to 2,3-bisphosphoglycerate, inorganic phosphate, ATP, and NAD. Among them, the separation between alpha and gamma peaks of ATP was shown to be a good indicator of the intracellular pH free from the perturbation caused by hemoglobin. This method enabled us to determine the intracellular pH of the erythrocytes without any pretreatment. The separation between alpha and gamma peaks of ATP was also dependent on the degree of complexation with Mg2+, and was consistent with approximately 80% of total ATP complexing with Mg2+ in the samples investigated here. The pKa value of ATP in the erythrocytes was estimated to be 6.1 at 23 degrees C, which is lower than the value of 6.5 obtained for the Mg2+-free ATP solution. In the alkalized erythrocytes, fructose 1,6-bisphosphate and dihydroxyacetone phosphate were observed in addition to the metabolites found in the normal erythrocytes. Time course changes in these phosphorus metabolites were followed along with the intracellular pH monitored from ATP peaks.